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ABSTRACT

The disposal of spent bleaching clay generated
in the vegetable oil processing industry is a
potential problem of environmental concern, due

to the pyrophoric nature of the residual
ail/clay mixture in landfills. This poster
describes the use of SC~-CO: for processing

both neutral and scidic clays used in the refin-
ing of soybean oil. Rapid extractions of spent
bleaching clay can be affected at 10,000~
12,000 psig by proper preparation of the clay
substrate. Experiments utilizing both labora-
tory and pilot plant extractors have yielded
almost 100X of the adsorbed oil. Extraction of
the clay can be facilitated by crossblending
the clay with a diatomacecus earth-based disper-

sant. The oils recovered by the supercritical
fluid extraction (SFE) process have properties
(free fatty acid content, Lovibond color ratio,
and phosphorus content) similar to those found

for degumamed-bleached oils.

INTRODUCTION

An average soybean oil refinery generates about
5,000 1lbs. of spent bleaching clay per day in
the removal of odorifsrous components and color
bodies from refined feedstock. Thia processing
aid msust be treated  to remove the adsorbed
residual oil or be buried in a landfill after
the bleaching step (l). Several processes have
been developed to strip residual oil from the
clay matrix based on treatment of the clay with

dilute caustic solution {(2) or extraction of
the o0il using organic solivents (3). These pro-
cesses also produce unacceptable chemical resi-

dues whichi can impact negatively on the enviren-

ment (4).
Currently, spent bleaching clays froa the
vegetable o0il processing industry are disposed

of in landfillas (5), necesaitating additional

costs for transport of the clay from the refin-
ery and its subsequent treatment at the fill
site. At the landfill, the clay is frequently

buried or treated with water, to reduce the
probability of spontaneous combustion of the
clay/ail aixture. With the exception of the
recent study by Taylor and Jenkins (6), little

about the factors governing the pyro-
spent bleaching clays.

is known
phoricity of

Treatment of spent bleaching clays with
supercritical carbon dioxide (SC-CC2 )
presents an alternative o the above dispossal
methods. SFE utilizing carbon dioxide provides

an environmentally acceptable solution for post
refinery treatment of the clay, since COz is
nonflamamable, nontoxic, and is a selective sol-
vent for oleophilic materials. One study has
been reported (7)) in which supercritical pro-
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pane and fluorocarbons were utilized in the
treatment of spent clays imbibed with silicone
and vegetable oils. Unfortunately, in this
work, only one experiment was performed on s
clay/vegetabhle oil mixture, resulting in a low
recovery of the oil. For this reason, and to
avoid the use of potentially explosive and envi-

ronmentally unacceptable supercritical fluids,
we initiated an extraction study using
sSC-CO2 .

EXPERIMENTAL

Successful extraction of spent bleaching clays
with SC-CO2 can be achieved only by optimiz-
ing the experimental conditiona. Rapid extrac-

tien aof the oil from the clay was facilitated
by conducting the extractions at 12,000 psig
and 80°C, & condition where the oil solubility
in SC-CO2 is maximized (8,9). The particle
size of bleaching clays can also inhibit com~
plets extraction of the oil from the matrix,
due to channeling of extraction fluid through
the sorhent bed (7), as well as cowpaction of
the clay bed under high pressure. For this res-
son, studies were conducted on both a labora-
tory, and a pilot plant scale. The pilot plant
study utilized a captive CO1 supply and was
operated in a recyle mode, thereby permitting
simulation of an industrial scale process.

Trpical conditions utilized in the clay
extraction studies are tabulated in Table .
The laboratory-~scale extraction unit has been
previously described (9). Bleaching clay vas
poured into the specified tubular extraction
vessel and extraction commenced at 11,000 psig
and 80°C. Extractions were cantinued until oil
could no longer be removed from the receiver
attached to the extraction systas.

Table 1

TYMCAL COMNTIONS FOR LAB AMD PROT PLANT EXTRACTIONG

Pameter Laberstery Plat Mant
Extrastion Veasel Tubsiar 4~Liter Vessel
(2 x 8/8° WD) {2 x 3° LD

Extrastion P & T 11,000 peig 30C 12,000 peiq, 30C

Coligstion P & T Ambiont 2,300 peig 80C

CO2 Used 1.8 = 41 Ba ¢ -~ 8 Be

Clay Waeight 0.090 -~ 0.26 b 8.1 -~ 8.8 bs

Pilet
the NCAUR

plant extractions were performed on
semi-continous supercritical fluid
extraction wunit shown in Figure . Details on
the _construction of the extractor, which has
provision for recycling the extraction fluid,
can be found in the literature (10). Clay
extractions were performed in ona aof the
4-liter extraction vessels (A) shown in the
schematic diagram. Extractions were conducted
in this vessel at 12,000 psig and 80°C using a
COs2 flow rate of approximately 0.5 lbs./min.
The dissolved soybean oil in the SC-CO2 was



transported to the receiver vessel (R), which
was operatad at 2,300 psig and 40°C. Under
these conditiona, soybean o0il exhibits less

than 0.1 wt % solubility in the compressed
COz, and readily precipitates from the fluid
phase. Extractions could be completed under the
above conditions on 5.0-8.5 1lbs. charges of
clay wuming 6-8 lbs. of CO2 that was then recy-
cled over the clay.

-~ Semi-~continuous supercritical fluid

Fig. 1
extraction systes.

The spent bleaching clays
these studies were obtsined fros refineries
operated by Ricsland Foods (Stuttgart, AK) and
Centrsl Soya (Ft. Wayne, IN). Both neutral and
acidic clays were incorporated in this study to

test the effectiveness of SC-CO: extraction
with respect to the clay structure. A pellet-
ized diatomaceous earth, designated Hydrosa-
trix, from Analytichem International (Harbor
City, CA) vas used in several experiments as an

aid in. dispersing the spent bleaching clay.
Samples of both the extracted clay and
recovered o0il were saved from each experimsent.
Selected o0il samples were characterized with
respect to their free fatty scid content (FFA),
peroxide value (PV), Lovibond color ratios, and
phosphorus content. Standard AOCS Methods (11)
were used in perforaing these tests unless
othervise noted. The Lovibond color ratios of
the extracted oils vere determined using s com-

puterized Colourscan systes while the phospho~
rus content of the oils were analyzed by atomic
absorption spectroscopy. Oil content of the
clay was assessed by Soxhlet extraction with
n-hexane.

RESULTS AND DISCUSSION

Experimental extraction results performsed on

both neutral and acidic bleaching clays are sus-

marized in Table 2. JInitial experiments were
conducted on the neutral bleaching clay matrix
using the pilot plant extractor. Extractions

were teramainated when oil could no longer be col-
lected in the receiver vessel of the pilot
Plant. The o0il recovered in Run 1, which is

utilized in
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expressed as a weight percent of the total clay
charge, was 15.2%. The extracted clay in this
experiment was removed from the extraction ves-
sel and analyzed for oil content. The residual
o0il level was found to be 8.8 wt.X based on the
initial clay charge. The results froms this run
indicated that ejther the extraction conditions
ar clay preparation were inadequate to effect
total removal of the cil from the clay matrix.

Table 2

SFE DPERMIENTS ON SPENT BLEACHING CLAYS

AUN Clay Type Extractor % O Extr Clay Pres
1 Neutral Plot 18.2% oo

2 Neutral Pliot 19.3% cmw

3 Neutrad Pliot 26.8% Mixed
4 Neutrad Phot 28.83% Mixed
[ Neutred Lab 32.1% caa
) Neutral Lad 0.7% Mydromatrix
k4 Nouverad Plot 30 0% Hydrometrix
) Aocig Lab 34.1% vawn

] Acit Pet 32.6% oo
10 Neutred Plot 2¢6.8% P,

o Totst wt. % of O in Clay oa 32-34%

An
performed

identical extraction (Run 2) was then
to verify the results obtained in the
first experiment. The oil yield in this case
ves found to be 19.3 wt.X. Oil analysis on the
extracted clay yielded a 7.2 wt.X residual oil
content, verifying that the extraction was not
completed. These two initial results suggested
that perhaps the oil distribution in the spent
blesching clay was not homogeneous and that mix~-
ing the substrate prior to extraction would
enhance the efficiency of the extrsction.

Two extractions (Runs 3 & 4) vere then per-
formed on the pilot plant extractor to verify
the above hypothesis. 0il yields for these two
experiments were 26.8 and 25.5 wt.X, respec-
tively. Analysis of the SC~CO2 extractad
clays for residual o0il content showed that con~
sidersble ail was still present in the
extracted clays (Run 3 - 6.12 wt.X, Run 4 - 8.8
wet.%). A discrepancy was slso appsrent in the
total oil masss Dbalance, since combining the
extracted and residual oil wt.X for Runs 1, 2,
3, and 4 yielded 24.0, 26.5, 32.9, and 34.3
wt.%, respectively. It was obvious that pre-
mixing the spent bleaching clay did not assurs
total extraction of sll available oil.

Detsrmination of the total sil content in
the spent clay matrix via Soxhlet extraction is
at best difficult due to the fine particle size
of clay and its tendency to agglomerate in the
Soxhlet extraction device. Accurate
determination of the total oil content of the
neat spent bleaching clay is essential in ocrder
to assess the extraction efficiency of the SPE
process. Several exhaustive extractions of the
starting clay material were made with the aid
of a dispersing agent to establish the residual

oil content of the sorbent. In this procedurs,
the aspent bleaching clay wes mixed in a weight
ratio of 2:1 with pelletized diatomaceous earth

(Hydromatrix) to disperse the clay sample. This
modification of the Soxhlet procedure facili-
tated contact between the clay matrix and
extraction solvent and yielded consistent ana-



lytical results. The Soxhlet extraction values
on the samples uaed in Runs 2, 3, and 4 were
determined to be 31.7, 31.1., and 32.8 wt.X. The

accuracy of these figures was further verified
by running an extraction of spent bleaching
clay in the small laboratory tubular extractor
{Run 5) which yielded 32.1 wt.X of oil based on
the initial clay charge. Soxhlet extraction of
this clay sample gave 32.0 wt.X% oil, a value in
excellent agreement with the result obtained
from SC-C0z extraction and the previously
quoted Soxhlet-derived data. These results sug-
fest that SC-COz extraction could be used as
an alternative to Saoxhlet extraction with liq-
uid hydrocarbon solventsa.

The consistent results obtained by using
Hydromatrix dispersant in the »odified-
Soxhlet procedure suggested that the use of a
dispersion agent in the SFE of clays would
enhance the recovery of the soybean oil. Conse-
quently an experiment was run using the labora-
tory scale extractor loaded with 40 graas of
the spent clay plus 20 grams of Hydromatrix.
The total yield of ail from this experiment
{Run 6) was 30.7%. In addition, it was noted
that the inclusion of Hydromatrix decreased the
time of the extraction by 1/3 and required less
than half the extraction fluid needed for the
SFE of the neat clay. This trend is shown in
Figure 2. Compaction of the spent bleaching
clay bed in the extractor, with the attendant
large pressure drop, is salso avoided by using
the dispersant for the SFR.

the
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Fig. 2 - Comparison of oil extraction rates

for clay vs. clay + Hydromatrix. .

A similar experiment to the previous one
was performed in the 4-liter pilot plant vessel
using a 2:1, clay to Hydromatrix charge. In
this case, a 30.7 wt.X 0il yield was obtained
after recycling the COz2 through the extractor
bed. This result is in excellent agreement with
the value obtained on the small laboratory
extractor and exceeds the yields recorded on
neat clay beds {Runs l1-4). This result was fur-
ther verified by running another SFE on the
neat clay in a 4-liter extraction vessel (Run
10}). The yield of oniy 26.5 wt.X%X cil, clearly
confirms the enhancement of oil yield by incor-
poration of the dispersant intoe the SFE scheme.
Additional pilot plant runs were performed on
an acidic spent bleaching clay from another
industrial source. Extraction of this clay in
the laboratory unit (Run 8) gave a 34.1 wt.%
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result compared favorable with the
Soxhlet-measured oil content of 34.6 wt.%X. A
pilot vplant run was also made on the acidic
clay, and produced a oil vyield of 32.6 wt.X
{ Run 9). It therefore appears, that the
SC-COz extraction of spent bleaching clays is
equally applicable to both neutral and acidic
matrices.

Several physical and chemical tests were
run on selected ocil samples taken from various
experimental runa. The results of these tests,
which included aeasurement of the oil's free
fatty acid content, peroxide value, Lovibond
coleor ratio, and phosphorus content, are listed
in Table 3. Overall, the results in Table 3
indicate that the 4gils recovered from the SFE
of apent bleaching clays, are approximately
equivalent to a conventional degummed-bleached

vyield. This

oil (12). Hence, these oils would be suitabie
for a number of industrial spplications that do
not require food grade oil specifications.
Further refining of the SFE-derived oils would
be needed in order to lower their free fatty
acid content and peroxide value. [t should be
noted that the elevated peroxide levels aay be
due to the extended time lapse (approximately
one month) which occurred between collection of
the clay sample at the soybean oil processing
plant and the SFE-processing of the clays at
NCAUR.

Table 3

PRCPERTER OF OLE DXTRACTED FRCM SPENT SLEACHING CLAYS

Lovibend Fh§-nn-

N EA PV
[y "} (measXad Color (Do)
1 AS 1.9 44.0Y72.7R o
2 A8 1.5 43.0Y72.7R .18
3 48 1.2 44,0Y/2.7TR 48
4 A9 1.1 80.0Y/3.18 .18
7 87 2.9 €8.0Y/12.10 E-3 )
39 3.8 68.0Y/8.20 30
10 87 1.7 70.2Y713. 40 2.00
A visual examination of the SFE-extracted
bleaching clsys revealed that a reduction in
color had been achieved when they were compared
to the original product from the ail refinery.
However, the SFE-treated clay still contained
msore pigeent aatter than the virgin clay. The

bleaching power of treated and recycled clays
has been studied by Ong and Sinkeldam (13}, who
found that the bleaching power was 50X leas
than that achieved by using fresh clay. For
this reason, no further studies were attempted
to assess the bleaching power of the SC-COz
treated clays. Separation of the treated clays
{rom the Hydromatrix dispersant could be easily
performed by sieving methods, due to the large
particle size difference between the spent clay
and the Hydromatrix.

CONCLUSIONS
The above SFE results show that quantitative
recovery of sovbean oil from neutral and acidic

spent bleaching
Experiments

possible using CO:z.
both laboratory and

clays is
conducted in



pilot plant extractors yielded variable oil
recovery results, unless gsuitable precautions
were taken to avoid fluid channeling and bed
plugging. The use of a dispersing agent was
found to enhance o0il recovery and an improve
extraction kinetics. An improved method was
developed for determining residual oil levels
by Soxhlet extraction. Finally, spent clays can
be treated readily in & semi~continous extrac-
ticn wmode, yielding an industrial-grade soybean
oil and oil-free clay.
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